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DISCLAIMER

This document provides guidance to U.S. EPA Regions and States on how best to implement RCRA and
U.S. EPA’sregulations to facilitate permitting decisions for hazardous waste combustion facilities. It also
provides guidance to the public and to the regulated community on how U.S. EPA intendsto exercise its
discretion in implementing its regulations. The document does not substitute for U.S. EPA’ s regulations,
nor isit aregulation itself. Thus, it cannot impose legally-binding requirements on U.S. EPA, States, or
the regulated community. It may not apply to a particular situation based upon the circumstances. U.S.
EPA may change this guidance in the future, as appropriate.
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ug Microgram

um Micrometer

ACGIH American Conference of Governmental Industrial Hygienists
ADD Average daily dose

AEFA Average Emission Factor Approach

Ah Aryl hydrocarbon

AHH Aryl hydrocarbon hydroxylase

AIEC Acute inhalation exposure criteria

AlIHA American Industrial Hygiene Association
APCS Air pollution control system

ASTM American Society for Testing and Materials
am Atmosphere

ATSDR Agency for Toxic Substances and Disease Registry
AWFCO Automatic waste feed cutoff

BaP Benzo(a)pyrene

BAF Bioaccumulation factor

BBS Bulletin board service

BCF Bioconcentration factor

BEHP Bis(2-ethylhexyl) phthalate

BIF Boiler and industrial furnace

BPIP Building profile input program check

BSAF Sediment bioaccumulation factor

Btu British thermal unit

BW Body weight

CAA Clean Air Act

CARB California Air Resources Board

CAS Chemical Abstracts Service

CFR Code of Federal Regulations

CKD Cement kiln dust

CLP Contract Laboratory Program

cm Centimeters

COPC Compound of potential concern

CRQL Contract required quantitation limit

csv Unspeciated chromatographical semivolatiles
CWA Clean Water Act

DEHP Diethylhexylphthalate

dL Decdliter

DNA Dioxyribonucleic acid
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ESP Electrostatic precipitator
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FW Fresn weight (or whole/wet weight) of plant or animal tissue

g Grams

GC Gas chromatography

GEP Good engineering practice

GRAV Unspeciated gravimetric compounds

HEAST Health Effects Assessment Summary Tables

HI Hazard index

HQ Hazard quotient

IARC International Agency for Research on Cancer

IDL Instrument detection limit

IEU/BK Integrated exposure uptake/biokinetic

IPM Insoluble polystryene microspheres

IRIS Integrated Risk Information System

ISCSTDFT Industrial Source Complex Short Term Draft

ISCST3 Industrial Source Complex Short Term 3

K Kelvin

kg Kilogram

LADD Lifetime average daily dose

L Liter

Ib Pound

LCD Local climatologica data annua summary with comparative data

m Meters

MACT Maximum achievable control technology

MDL Method detection limit

MEHP Monoethylhexyl phthalate

mg Milligram

Mg Megagram

MIR Maximum individual risk

MJ Megajoule

mL Milliliter

MPRM Meteorological processor for regulatory models
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NRC Nuclear Regulatory Commission
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PCDD Polychlorinated dibenzo(p)dioxin

PCDF Polychlorinated dibenzofuran

PCRAMMET Personal computer version of the meteorological preprocessor for the old RAM
program

PDF Probability density function

pg Picogram

PIC Product of incomplete combustion

PM Particul ate matter

PMD Portable monitoring device

PM10 Particulate matter less than 10 micrometers in diameter

POHC Principal organic hazardous constituent

ppb Parts per billion

ppm Parts per million

ppmv Parts per million by volume

ppt Parts per trillion

PQL Practicle quantitation limit

PU Polyurethane

QA Quality assurance

QARP Quality assurance project plan

QC Quality control

RCRA Resource Conservation and Recovery Act

RfC Reference concentration

RfD Reference dose
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RME Reasonable maximum exposure

RPF Relative potency factor

RTDM Rough terrain diffusion model

RTDMDEP Rough terrain diffusion model deposition

S Second

SAMSON Solar and Meterological Surface Observational Network
SCRAM Support Center for Regulatory Air Models

SF Slope factor

SLERA Screening level ecological risk assessment

SOCMI Synthetic Organic Chemical Manufacturing Industries
SQL Sample quantitation limit

SRA Screening ranges approach

SvOoC Semivolatile organic compound

SW-846 U.S. Environmental Protection Agency Test Methods for Evaluating Solid Waste
TCDD Tetrachlorodibenzo(p)dioxin

TDA Toluenediamine

TDI Toluene diisocyanate

TEF Toxicity equivalent factor

TEQ Toxicity equivaent quotient

TG Terrain grid

TIC Tentatively identified compound

TLV Threshold limit value

TOC Total organic carbon

TSD Treatment, storage, and disposal

TTN Technology transfer network
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USCA Unit-Specific Correlation Approach
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LIST OF VARIABLES

Bo B1 = Regression constants (unitless)

Y = Empirical constant (unitless)

A, = Dimensionless viscous sublayer thickness (unitless)

Ha = Viscosity of air (g/cm-s)

My = Viscosity of water corresponding to water temperature (g/cm-s)

Pa = Density of air (g/cm?® or g/n°)

pforage = DenSty of fOl'@e (glcms)

Ps = Bed sediment density (kg/L)

Pw = Density of water corresponding to water temperature (g/cm?)

0 = Temperature correction factor (unitless)

Ohs = Bed sediment porosity (unitless)

Osu = Soil volumetric water content (mL water/cm? soil)

a = Empirical intercept coefficient (unitless)

A = Surface area of contaminated area (m?)

Apess = Concentration of COPC in beef (mg COPC/kg FW tissue)

Achicken = Concentration of COPC in chicken meat (mg COPC/kg FW tissue)

ADD = Average daily dose (mg COPC/kg BW-day)

ADD; ot = Average daily dose for infant exposed to contaminated breast milk
(pg COPC/kg BW infant/day)

ADD, = Average daily dose (mother) (pg COPC/kg BW mother/day)

AEF = Applicable average emission factor for the equipment type (kg/hr-source)

Ay = Concentration of COPC in eggs (mg COPC/kg FW tissue)

Ah = Areaplanted (m?)

Ahi = Area planted to ith crop (m?)

A = Impervious watershed area receiving COPC deposition (m?)

A = Total watershed area receiving COPC deposition (m?)

Al = Concentration of COPC in milk (mg COPC/kg FW tissue)

Aok = Concentration of COPC in pork (mg COPC/kg FW tissue)

AT = Averaging time (days)

Ay = Water body surface area (m?)

b = Empirical dope coefficient (unitless)

Bay o = Biotransfer factor for beef (day/kg FW tissue)

Bagicken = Biotransfer factor for chicken (day/kg FW tissue)

Bagyys = Biotransfer factor for eggs (day/kg FW tissue)

BAF;q, = Bioaccumulation factor for fish (L/kg FW tissue)

Baii = Biotransfer factor for milk (day/kg FW tissue)

Bayork = Biotransfer factor for pork (day/kg FW tissue)

BCF;«, = Bioconcentration factor for fish (mg COPC/kg FW tissue)/(mg COPC/kg
dissolved water)—unitless

BD = Soil bulk density (g soil/cm?®soil)

Br g = Plant-soil bioconcentration factor for aboveground produce

Brforage = Plant-soil bioconcentration factor for forage (ug COPC/g DW plant)/(ug
COPC/g soil)—unitless
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Br grain = Plant-soil bioconcentration factor for COPC in grain (ug COPC/g DW
plant)/(ug COPC/g soil)—unitless

Br rootveg = Plant-soil bioconcentration factor for COPC in bel owground produce (g
COPC/g FW plant)/(ug COPC/g soil)—unitless

Bs = Soil bicavailability factor (unitless)

BSAF = Biota-to-sediment accumulation factor (mg COPC/kg lipid tissue)/(mg
COPC/kg sediment)—unitless

Bv = COPC air-to-plant biotransfer factor for aboveground produce (ug

ag
vioragelsi lage

C
Ca

Cacute

Cancer Risk

Cancer RisKin)

COPC/g DW plant)/(ug COPC/g air)—unitless
Air-to-plant biotransfer factor for forage and silage (ug COPC/g DW
plant)/(pg COPC/g air)—unitless

USLE cover management factor (unitless)

Total COPC air concentration (ug/m?)

Acute air concentration (ng/m°)

Individual lifetime risk through indirect exposure to COPC carcinogen i
(unitless)

Individua lifetime cancer risk through direct inhalation of COPC
carcinogen i (unitless)

Bed sediment concentration (or sediment bulk density) (g sediment/cm?
water)

Generic chemical concentration (mg COPC/kg tissue or media) or (mg/L)
Stack concentration of non-Table A-1 list ith carcinogenic COPCs
(carbon basis) (mg COPC/m?stack emissions)

Stack concentration of Table A-1 list ith carcinogenic COPCs (carbon
basis) (mg COPC/m?stack emissions)

Drag coefficient (unitless)

Dissolved phase water concentration (mg COPC/L water)
Concentration of COPC in fish (mg COPC/kg FW tissue)

Stack concentration ith identified COPC (carbon basis) (mg/m®)

Stack concentration of non-carcinogenic COPC j (carbon basis) (mg/m?)
Generic contact rate (kg/day or L/day)

Average soil concentration over exposure duration (mg COPC/kg soil)
Concentration sorbed to bed sediment (mg COPC/kg sediment)

Soil concentration at timetD (mg COPC/kg soil)

Stack concentration of TOC, including speciated and unspeciated
compounds (mg COPC/m? stack emissions)

Gas phase air concentration (g COPC/m?3air)

Total stack concentration of volatile speciated COPCs with boiling points
less than 100°C (mg COPC/m? stack emissions)

Stack concentration of the ith volatile speciated COPC with a boiling
point less than 100°C (carbon basis) (mg COPC/m?stack emissions)
Total COPC concentration in water column (mg COPC/L water column)
Total water body COPC concentration including water column and bed
sediment (g COPC/m®water body) or (mg/L)
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LIST OF VARIABLES (Continued)

Cyp = Unitized yearly average air concentration from particle phase (ug-s/g-m?)

Cyv = Unitized yearly average air concentration from vapor phase (ug-s/'g-m°)

Cywv = Unitized yearly (water body and watershed) average air concentration
from vapor phase (ug-g/g-m°)

D, = Diffusivity of COPC in air (cm?/s)

s = Depth of upper benthic sediment layer (m)

Drrean = Mean particle size density for a particular filter cut size

Ds = Deposition term (mg COPC/kg soil-yr)

Oye = Depth of water column (m)

D., = Diffusivity of COPC in water (cm?/s)

Dydp = Unitized yearly average dry deposition from particle phase (S'm?-yr)

Dytwp = Unitized yearly (water body or watershed) average total (wet and dry)
deposition from particle phase (sm?yr)

Dywp = Unitized yearly average wet deposition from particle phase (S'm?-yr)

Dywv = Unitized yearly average wet deposition from vapor phase (§m?-yr)

Dywwv = Unitized yearly (water body and watershed) average wet deposition from
vapor phase (§'m?-yr)

d, = Total water body depth (m)

ED = Exposure duration (yr)

EF = Exposure frequency (days/yr)

ER = Soil enrichment ratio (unitless)

E, = Average annual evapotranspiration (cm/yr)

fis = Fraction of total water body COPC concentration in benthic sediment
(unitless)

Fd = Fraction of diet that is soil (unitless)

F; = Fraction of plant typei grown on contaminated soil and eaten by the
anima (unitless)

fipid = Fish lipid content (unitless)

Fw = Fraction of COPC wet deposition that adheres to plant surfaces (unitless)

fuc = Fraction of total water body COPC concentration in the water column
(unitless)

F, = Fraction of COPC air concentration in vapor phase (unitless)

GEF = Applicable emission factor for sources with screening values >10,000
ppmv (kg/hr-source)

H = Henry’s Law congtant (atm-m*mol)

HI = Hazard index (unitless)

HI; = Hazard index for exposure pathway j (unitless)

HQ = Hazard quotient (unitless)

HQ, = Hazard quotient for COPC i (unitless)

HQirn) = Hazard quotient for direct inhalation of COPC i (unitless)
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LIST OF VARIABLES (Continued)

Average annual irrigation (cm/yr)
Daily intake of COPC (i) from animal tissue ] (mg/day)

k = von Karman's constant (unitless)

K = USLE erodibility factor (ton/acre)

Ky = Benthic burial rate constant (yr )

Kdys = Bed sediment/sediment pore water partition coefficient (cm®water/g
bottom sediment)

Kd; = Partition coefficient for COPC i associated with sorbing material |
(unitless)

Kd, = Soil-water partition coefficient (cm®water/g soil)

Kd, = Suspended sediments/surface water partition coefficient (L water/kg
suspended sediment)

Ks = Gas phase transfer coefficient (m/yr)

K, = Liquid phase transfer coefficient (m/yr)

Koc = Soil organic carbon-water partition coefficient (mL water/g soil)

Kog = Sorbing material-independent organic carbon partition coefficient for
COPCj

Kow = Octanol-water partition coefficient (mg COPC/L octanol)/(mg COPC/L
octanol)—unitless

kp = Plant surface loss coefficient (yr %)

ks = COPC soil loss constant due to all processes (yr %)

kse = COPC loss constant due to soil erosion (yr %)

ksg = COPC loss constant due to biotic and abiotic degradation (yr )

ksl = COPC loss constant due to leaching (yr %)

ksr = COPC loss constant due to surface runoff (yr %)

ksv = COPC loss constant due to volatilization (yr )

k, = Water column volatilization rate constant (yr 1)

K, = Overall COPC transfer rate coefficient (m/yr)

K. = Overal total water body dissipation rate constant (yr 1)

L = Monin-Obukhov Length (m)

LADD = Lifetime average daily dose (mg COPC/kg BW-day)

Lo = Total (wet and dry) particle phase and wet vapor phase COPC direct
deposition load to water body (g/yr)

L it = Vapor phase COPC diffusion (dry deposition) load to water body (g/yr)

leak rate = Emission rate from the individual item of equipment (kg/hr)

Le = Soil erosion load (g/yr)

LEF = Applicable emission factor for sources with screening values <10,000
ppmv (kg/hr-source)

Lg = Runoff load from pervious surfaces (gfyr)

Lr = Runoff load from impervious surfaces (g/yr)

L, = Total COPC load to the water body including deposition, runoff, and
erosion (g/yr)

LS = USLE length-dope factor (unitless)
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LIST OF VARIABLES (Continued)

Mgin = Mass of athin (skin) layer of below ground vegetable ()

M egetable = Mass of the entire vegetable (g)

MF = Metabolism factor (unitless)

n = Number of items of equipment of the applicable type in the stream
(unitless)

Nge = Equipment count (specific equipment type) for sources with screening
values >10,000 ppmv

Nie = Equipment count (specific equipment type) for sources with screening
values <10,000 ppmv

(0] = Organic carbon content of sorbing material i (unitless)

OCyy = Fraction of organic carbon in bottom sediment (unitless)

p°L = Liquid phase vapor pressure of chemical (atm)

pP°s = Solid phase vapor pressure of chemical (atm)

P = Average annua precipitation (cm/yr)

PF = USLE supporting practice factor (unitless)

Pd = Aboveground exposed produce concentration due to direct (wet and dry)
deposition onto plant surfaces (mg COPC/kg DW)

P, = Total COPC concentration in plant typei ingested by the animal
(mg/kg DW)

Pr = Aboveground exposed and protected produce concentration due to root
uptake (mg COPC/kg DW)

Pryg = Belowground produce concentration due to root uptake (mg COPC/kg
DW)

Pv = Concentration of COPC in plant due to air-to-plant transfer (mg
COPC/kg DW)

Q = COPC emission rate (g/s)

Q = Emission rate of COPC (i) (g/9)

Qi(adi) = Adjusted emission rate of COPC (i) (g/s)

QCPiadi) = Adjusted emission rate of Table A-1 carcinogenic COPC (i) (g/s)

Qep; = Emission rate of Table A-1 carcinogenic COPC (i) (g/s)

o} = Anthropogenic heat flux (W/m?)

Qp, = Quantity of plant typei ingested by the animal each day (kg DW/day)

Qs = Quantity of soil ingested by the anima each day (kg/day)

Quoci ad = Adjusted emission rate of the ith volatile speciated COPC with a boiling
point less than 100°C (g/s)

Quoci = Emission rate of theith volatile speciated COPC (g/s)

Q. = Net radiation absorbed (W/m?)

r = Interception fraction—the fraction of material in rain intercepted by
vegetation and initially retained (unitless)

R = Universal gas constant (atm-m*mol-K)
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RCF = Root concentration factor (ng COPC/g DW plant)/(mg COPC/ml soil
water)

RO = Average annual surface runoff from pervious surfaces (cm/yr)

REL = Cdlifornia EPA Air Toxics Hot Spots Program acute reference exposure
levels

RF = USLE rainfal (or erosivity) factor (yr %)

Rp = Interception fraction of the edible portion of plant (unitless)

BCF = Scale bias correction factor (unitless)

D = Sediment delivery ratio (unitless)

AS = Entropy of fusion [AS/R = 6.79 (unitless)]

S = Slope factor (mg/kg-day)™

S = Whitby’ s average surface area of particulates (aerosols)
= 3.5x10° cm?/cm? air for background plus local sources
= 1.1x10° cm?/cm? air for urban sources

SV = Screening value (ppmv)

T, = Ambient air temperature (K)

T, = Time period at the beginning of combustion (yr)

T, = Length of exposure duration (yr)

tD = Time period over which deposition occurs (time period of combustion)
(yn)

T = Méelting point of chemica (K)

TOCyoc = Stack concentration of volatile TOC, including speciated and unspeci ated
compounds (mg/m®)

TOCcy/ = Stack concentration of CSV TOC, including speciated and unspeciated
compounds (mg/m®)

TOCgrav = Stack concentration of GRAV TOC, including speciated and unspeciated
compounds (mg/m®)

Tp = Length of plant exposure to deposition per harvest of edible portion of
plant (yr)

tp, = Length of plant’s exposure to deposition per harvest of the edible portion

Total Cancer Risk

Total Cancer Risk;,

of thei th plant group (yr)

Individual lifetime cancer risk through indirect exposure to al COPC
carcinogens (unitless)

Total individua lifetime cancer risk through direct inhalation of all COPC
carcinogens

Total suspended solids concentration (mg/L)

Water body temperature (K)

Half-time of COPC (days)

Current velocity (m/s)

Dry deposition velocity (cnm/s)
Average volumetric flow rate through water body (m?/yr)
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VG, = Empirical correction factor for aboveground produce (forage and
silage)(unitless)

VG, ootveg = Empirical correction factor for below ground produce (unitless)

VOC = Total VOC emission rate for an equipment type (kg/hr)

VOC, = VOC emission rate from all equipment in the stream of a given equipment
type (kg/hr)

Vp = Vapor pressure of COPC (atm)

w = Average annual wind speed (m/s)

W, = Rate of buria (m/yr)

WF,oc = Average weight fraction of VOC in the stream (unitless)

Xe = Unit soil loss (kg/m?-yr)

Yh = Dry harvest yield = 1.22x10" kg DW, caculated from the 1993 U.S.
average wet weight Yh of 1.35x10™ kg (USDA 1994b) and a conversion
factor of 0.9 (Fries 1994)

Yh, = Harvest yield of ith crop (kg DW)

Yp = Yield or standing crop biomass of edible portion of plant (productivity)
(kg DW/M?)

Yp, = Yield or standing crop biomass of the edible portion of the plant
(productivity)
(kg DW/m?)

Z = Soil mixing zone depth (cm)

0.01 = Units conversion factor (kg cm?mg-m?)

10° = Units conversion factor (g/ug)

10° = Units conversion factor (kg/mg)

0.31536 = Units conversion factor (m-g-s/cm-pg-yr)

365 = Units conversion factor (days/yr)

907.18 = Units conversion factor (kg/ton)

0.1 = Units conversion factor (g-kg/cm?-m?)

0.001 = Units conversion factor (kg-cm?/mg-m?)

100 = Units conversion factor (mg-cm?/kg-cm?)

1000 = Units conversion factor (mg/g)

4047 = Units conversion factor (m?acre)

1x10° = Units conversion factor (g/kg)

3.1536 x 10’ = Units conversion factor (S'yr)
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Chapter 1
| ntr oduction

What's Covered in Chapter 1:
¢ Objective and Purpose

¢ Related Trial Burn Issues
L4 Reference Documents

¢ Document Organization

Risk assessment is a science used to evaluate the carcinogenic risks and noncarcinogenic hazards to human
health that are attributable to emissions from hazardous waste combustion units. These risk assessments
include the evaluation of both direct and indirect risks. There is sufficient guidance available regarding the
performance of direct inhalation risk assessments. On the other hand, indirect risk assessments are newer
and more complex. Asaresult, this document describes the evaluation of direct inhalation risk, but
primarily focuses on the procedures used to estimate risk resulting from indirect pathways. The following
definitions as adopted from the National Academy of Sciences 1983, Risk Assessment in the Federal

Government, for use throughout this guidance:

Risk Assessment The scientific evaluation of potential health impacts that may result from
exposure to a particular substance or mixture of substances under
specified conditions.

Hazard An impact to human health by chemicals of potential concern.

Risk An estimation of the probability that an adverse health impact may occur
as aresult of exposure to chemicals in the amount and by the pathways
identified.

Dose Defined as one oral exposure.

Exposure Exposure to chemicals by relevant pathways to identified receptors.

Indirect Exposure Resulting from contact of human and ecological receptors with soil,
plants, or waterbodies on which emitted chemical has been deposited. For
screening level purposes, indirect exposure include ingestion of above
ground fruits and vegetables, beef and milk, freshwater fish and soil.

U.S. EPA Region 6 U.S EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 1-1
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Direct Exposure Exposure viainhalation.

This Human Health Risk Assessment Protocol (HHRAP) has been developed as national guidance to
consolidate information presented in other risk assessment guidance and methodology documents
previously prepared by U.S. EPA and state environmental agencies. In addition, the HHRAP also
addresses issues that have been identified while conducting risk assessments for existing hazardous waste
combustion units. The overall purpose of this document is to explain how risk assessments should be
performed at hazardous waste combustion facilities. This document isintended as (1) guidance for
personnel conducting risk assessments, and (2) an information resource for permit writers, risk managers,

and community relations personnel.

In the April 19, 1996, preamble to the proposed MACT rule, U.S. EPA recommended that site-specific risk
assessments be conducted as part of the RCRA permitting process for hazardous waste combustors as
necessary to protect human health and the environment. Often, the determination of whether or not a
permit is sufficiently protective can be based on its conformance to the applicable technical standards
specified in the regulations. Since the time that the current regulations for hazardous waste incinerators
and boilerg/industrial furnaces were issued (1981 and 1991, respectively), however, information has
become available to suggest that these performance standards may not fully address potentially significant
risks. Many recent studies (including the Draft Health Reassessment of Dioxin-Like Compounds,
Mercury Study Report to Congress, and Risk Assessment Support to the Development of Technical
Sandards for Emissions from Combustion Units Burning Hazardous Wastes: Background Information
Document) indicate that there can be significant risks from indirect exposure pathways (e.g., pathways
other than direct inhalation). The food chain pathway appears to be particularly important for
bioaccumulative pollutants which may be emitted from hazardous waste combustion units. 1n many cases,
risks from indirect exposure may constitute the majority of the risk from a hazardous waste combustor.
This key portion of the risk from hazardous waste combustor emissions was not directly taken into account
when the hazardous waste combustion standards were developed. In addition, uncertainty remains
regarding the types and quantities of non-dioxin products of incomplete combustion emitted from

combustion units and the risks posed by these compounds.

The RCRA “omnibus’ authority of 83005(c)(3) of RCRA, 42 U.S.C. §6925(c)(3) and 40 CFR.
§270.32(b)(2) givesthe Agency both the authority and the responsibility to establish permit conditions on a
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case-by-case basis as necessary to protect human health and the environment. Performance of a
site-specific risk assessment can provide the information necessary to determine what, if any, additional
permit conditions are necessary for each situation to ensure that operation of the combustion unit is
protective of human health and the environment. Under 40 C.F.R. §270.10(k), U.S. EPA may require a
permit applicant to submit additional information (e.g., a site-specific risk assessment) that the Agency
needs to establish permit conditions under the omnibus authority. In certain cases, the Agency may aso
seek additional testing or data under the authority of RCRA 83013 (where the presence or release of a
hazardous waste “may present a substantial hazard to human health or the environment”) and may issue an
order requiring the facility to conduct monitoring, testing, analysis, and reporting. Any decision to add
permit conditions based on a site-specific risk assessment under this authority must be justified in the
adminidtrative record for each facility, and the implementing agency should explain the basis for the

conditions.

The permitting agency should consider severa factorsin its evaluation of the need to perform arisk

assessment (human health and ecological). These factors include:

. whether any proposed or final regulatory standards exist that U.S. EPA has shown to be
protective for site-specific receptors

. whether the facility is exceeding any final technica standards

. the current level of hazardous constituents being emitted by a facility, particularly in

comparison to proposed or final technical standards, and to levels at other facilities where
risks have been estimated

. the scope of waste minimization efforts and the status of implementation of afacility waste
minimization plan

. particular site-specific considerations related to the exposure setting (such as physical,
land use, and sensitive subpopulation characteristics) and the impact of these
characteristics on potential risks

. the hazardous constituents most likely to be found and those most likely to pose significant
risk

. the volume and types of wastes being burned

. the level of public interest and community involvement attributable to the facility
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Thislist is by no means exhaustive, but is meant only to suggest significant factors that have thus far been

identified. Others may be equally or more important.

The companion document of the HHRAP is the Screening Level Ecological Risk Assessment Protocol
(SLERAP). U.S. EPA OSW has prepared these guidance documents as a resource to be used by
authorized agencies developing risk assessment reports to support permitting decisions for hazardous waste

combustion units.

11 OBJECTIVE AND PURPOSE

U.S. EPA OSW'’s abjectiveis to present a user-friendly set of procedures for performing risk assessments,
including (1) a complete explanation of the basis of those procedures, and (2) a comprehensive source of
data needed to complete those procedures. The first volume of this document provides the explanation
(Chapters 1 through 9); and the second volume (Appendixes A-B) provides the data sources. Appendix A
presents compound-specific information necessary to complete the risk assessment. Appendixes B and C
present a user-friendly set of procedures for performing risk assessments. Figure 1-1 summarizes the tasks
needed to complete arisk assessment and refers the reader to chaptersin this guidance in which each task is
described.

Implementation of this guidance will demonstrate that developing defensible estimates of compound
emission rates is one of the most important elements of the risk assessment. As described in Chapter 2,
traditional trial burns conducted to measure destruction and removal efficiency (DRE) do not sufficiently
characterize organic products of incomplete combustion (PIC) and metal emissions for use in performing
risk assessments. |n some instances, afacility or regulatory agency may want to perform a pretrial burn
risk assessment, following the procedures outlined in this document, to ensure that sample collection times
during the trial burn or risk assessment burn are sufficient to collect the sample volumes needed to meet the
detection limits needed for the risk assessment. The decision to perform such an assessment should

consider regulatory permitting schedules and other site-specific factors.
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FIGURE 1-1
HUMAN HEALTH RISK ASSESSMENT PROCESS

Facility Characterization
Compiling Basic Facility Information (Section 2.1)
Identifying Sources of Stack and Fugitive Emissions (Section 2.2)

Identifying Compounds of Potential Concern (COPC) (Section 2.3)
Estimating COPC Concentrations for Non-Detects (Sections 2.4)
Evaluating Contamination in Blanks (Section 2.5

v v

Air Dispersion and Deposition Modeling

Define Site-Specific Characteristics (Section 3.2) Exposure Scenario Selection

Define Combustion Unit Emission Characteristics (Section 3.3) - Exposure Seiting Characterization (Section 4.1)
Evaluate Pattitioning of Emissions (Section 3.4) - Evﬂm Recommended Fxposmfa Scmﬂ?s (Section 4.2)
Obtain and Prepare Meteorological Data (Sections 3.5 and 3.6) - Selecting Exposure Scenario Locations (Section 4.3)

Prepare Input Files (Section 3.7)

Execute Model (Section 3.8)

Use of Modeled Output (Section 3.9)
Modeling of Fugitive Emissions (Section 3.10)
Modeling Acute Risk (Section 3.11)

v

Estimation of Media Concentrations
Calculating Air Concentrations for Direct Inhalation (Section 5.1)
Calculating Concentrations in Soil (Section 5.2)
Calculating Concentrations in Aboveground and Belowground Produce (Section 5.3)

Calculating Concentrations in Beef, Dairy, Pork, Poultry, and Eggs (Sections 5.4 through 5.6)
Calculating Concentrations in Drinking Water and Fish (Section 5.7)

Quantifying Exposure
- Calculating Exposure Rate (Section 6.1)
- Determining Contact Rate (Section 6.2)
- Determining Exposure Frequency (Section 6.3)
- Establishing Exposure Duration (Section 6.4)
- Averaging Time (Section 6.5)
- Establishing Body Weight (Section 6.6)

Risk and Hazard Characterization
- Determining Individual Risk and Hazard (Section 7.1)
- Calculating Cancer Risk (Section 7.2)
- Calculating Potential for Noncancer Effects (Section 7.3)
- Determining Target Levels (Section 7.4)
- Calculating Acute Exposure from Direct Inhalation (Section 7.5)

Uncertainty Interpretation
Understanding Uncertainty and Limitations of the Human Health Risk Assessment Process ( Section 8.1)
Identifying Types of Uncertainty (Section 8.2)
- Determining Qualitative Uncertainty (Section 8.3)
Determining Quantitative Uncertainty (Section 8.4)
Discussing Human Health Risk Assessment Uncertainty (Section 8.5)

Collect Additional s SUse l;iddln:;nal )
Risk Site-Specific Information ite-Specific Information
To Reevaluate Risk
Acceptable
2
Develop Protective
YES Operating Permit

Issue Permit r
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U.S. EPA OSW anticipates that risk assessments will be completed for new and existing facilities as part
of the permit application process. The HHRAP recommends a process for evaluating reasonable—not
theoretical worst-case maximum—potential risks to receptors posed by emissions from RCRA regulated
units. The use of existing and site-specific information early in, and throughout, the risk assessment
process is encouraged; conservative assumptions should be made only when needed to ensure that
emissions from combustion units do not pose unacceptable risks. More conservative assumptions may be
incorporated to make the process fit a classical “screening level” approach that is more conservative and

may be easier to complete.

Regardless of whether theoretical worst case or more reasonable conservative assumptions are used in

completing the risk assessment process, every risk assessment is limited by the quantity and quality of:

. site-specific environmenta data
. emission rate information
. other assumptions made during the risk estimation process (for example, fate and transport

variables, exposure assumptions, and receptor characteristics)

These limitations and uncertainties are described extensively throughout this document and the appendixes,

and are summarized in Chapter 8.

Unacceptable risks or other significant issues identified by collecting preliminary site information and
completing risk assessment calculations can be addressed by the permitting process or during an iteration
of the risk assessment. After theinitial risk assessment has been completed, it may be used by risk

managers and permit writers in several ways:

. If theinitial risk assessment indicates that estimated cancer risks and noncancer hazards
are below regulatory levels of concern, risk managers and permit writers will likely
proceed through the permitting process without adding any risk-based unit operating
conditions to the permit.

. If the initial risk assessment indicates potentially unacceptable risks, additional
site-specific information demonstrated to be more representative of the exposure setting
may be collected and additional iterations of risk assessment calculations can then be
performed.
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. If theinitial risk assessment or subsequent iterations indicate potentially unacceptable
risks, risk managers and permit writers may use the results of the risk assessment to revise
tentative permit conditions (for example, waste feed limitations, process operating
conditions, and expanded environmental monitoring). To determine if the subject
hazardous waste combustion unit can be operated in a manner that is protective of human
health and the environment, an additional iteration of the risk assessment should be
completed using the revised tentative operating conditions. If the revised conditions still
indicate unacceptable risks, this process can be continued in an iterative fashion until
acceptable levels are reached. In some situations, it may be possible to select target risk
levels and back-calculate the risk assessment to determine the appropriate emission and
waste feed rate levels. In any case, the acceptable waste feed rate and other appropriate
conditions can then be incorporated as additional permit conditions.

. If theinitial risk assessment, or subsequent iterations, indicate potentially unacceptable
risks, risk managers and permit writers may also choose to deny the permit.

Thisprocessisalso outlined in Figure 1-1. As stated earlier, in some instances, a facility or regulatory
agency may want to perform a pretria burn risk assessment—following the procedures outlined in this
document—to ensure that sample collection times during the trial burn or risk assessment burn are
sufficient to collect the sample volumes necessary to meet the appropriate detection limits for the risk
assessment. Thisis expected to reduce the need for additional trial burn tests or iterations of the risk
assessment due to problems caused when detection limits are not low enough to estimate risk with certainty
sufficient for regulatory decision making. For example, if detection limits are too high then estimates of

risk based on detection limits may be overly conservative.

12 RELATED TRIAL BURN ISSUES

In the course of developing this guidance and completing risk assessments across the country, U.S. EPA
OSW has learned that devel oping defensible estimates of compound of potential concern (COPC) emission
rates is one of the most important parts of the risk assessment process. As described in Chapter 2,
traditional trial burns conducted to measure destruction and remova efficiency (DRE) do not sufficiently
characterize organic products of incomplete combustion (PIC) and metal emissions for use in performing

risk assessments.

U.S. EPA OSW considersthetrial burn and risk assessment planning and implementation processes as

interdependent aspects of the hazardous waste combustion unit permitting process. In addition, U.S. EPA
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OSW advocates that facility planning, regulatory agency review, and completion of tasks needed for both
processes be conducted simultaneoudly to eliminate redundancy or the need to repeat activities. U.S. EPA
OSW expects that the following guidance documents will typically be used as the main sources of

information for developing and conducting appropriate trial burns:

. U.S. EPA. 1989f. Handbook: Guidance on Setting Permit Conditions and Reporting
Trial Burn Results. Volume Il of the Hazardous Waste Incineration Guidance Series.
Office of Research and Development (ORD). EPA/625/6-89/019. January.

. U.S. EPA. 1989g. Handbook: Hazardous Waste Incineration Measurement Guidance
Manual. Volume I11 of the Hazardous Waste Incineration Guidance Series. Office of
Solid Waste and Emergency Response (OSWER). EPA/625/6-89/021. June.

. U.S. EPA. 1992c. Technical Implementation Document for EPA’s Boiler and Industrial
Furnace Regulations. OSWER. EPA-530-R-92-011. March.

. U.S. EPA. 1994n. Draft Revision of Guidance on Trial Burns. Attachment B, Draft
Exposure Assessment Guidance for Resource Conservation and Recovery Act (RCRA)
Hazar dous Waste Combustion Facilities. OSWER. June 2.

. Generic Trial Burn Plan and QAPPs developed by EPA regiona offices or states.

13 REFERENCE DOCUMENTS

This section describes, in chronological order, the primary guidance documents used to prepare this
HHRAP. Some of the guidance documents received a thorough review from EPA’s Science Advisory
Board, which mostly supported the work. Additional references used to prepare this HHRAP are listed in
the References chapter of this document. These documents have been devel oped over a period of several
years; in most cases, revisions to the original guidance documents address only the specific issues being
revised rather than representing a complete revision of the origina document. The following discussion
lists and briefly describes each document. Overal, each of the guidance documents reflects a continual
enhancing of the methodology. The most current risk assessment methodology frequently referenced in this
guidance isthe U.S. EPA NCEA guidance, Methodology for Assessing Health Risks Associated with

Multiple Exposure Pathways to Combustor Emissions (In Press).

References, such as“U.S. EPA 1990e,” correspond to the citation for the document specified in the

Reference section of this guidance.
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The following document was the first U.S. EPA guidance document for conducting risk assessments at

combustion units;

. U.S. EPA. 1990e. Interim Final Methodology for Assessing Health Risks Associated
with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment
Office. ORD. EPA-600-90-003. January.

This document outlined and explained a set of general procedures for conducting risk assessments. This

document was subsequently revised by the following:

. U.S. EPA. 1993h. Review Draft Addendum to the Methodology for Assessing Health
Risks Associated with Indirect Exposure to Combustor Emissions. Office of Health and
Environmental Assessment. ORD. EPA-600-AP-93-003. November 10.

This document outlined recommended revisions to previous U.S. EPA guidance (1990e), which have been
used by the risk assessment community since the release of the document; however, these recommended
revisons were never formally incorporated into the origina document. 1n 1994, U.S. EPA issued severa

additional risk assessment documents, including the following:

. U.S. EPA. 1994f. Draft Exposure Assessment Guidance for RCRA Hazardous Waste
Combustion Facilities. OSWER. EPA-530-R-94-021. April.

The actua substance of the 1994 U.S. EPA guidance (1994f) is included in the following series of

attachments, all issued as separate documents:

. U.S. EPA. 1994g. Draft Guidance for Performing Screening Level Risk Analyses at
Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure
Assessment Guidance for RCRA Hazardous Waste Combustion Facilities. April 15.

. U.S. EPA. 1994h. Table 1, “Chemicas Recommended for Identification,” and Table 2,
“Chemicals for Potential Identification.” Attachment A, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. April 15.

. U.S. EPA. 1994i. Draft Revision, Implementation Guidance for Conducting Indirect
Exposure Analysis at RCRA Combustion Units. Attachment, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. April 22.
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. U.S. EPA. 1994j. Draft Guidance on Trial Burns. Attachment B, Draft Exposure
Assessment Guidance for RCRA Hazardous Waste Combustion Facilities. May 2.

. U.S. EPA. 1998 (In Press). "Guidance on Collection of Emissions Data to Support
Ste-Specific Risk Assessments at Hazardous Waste Combustion Facilities. Internal
Review Draft. Prepared by EPA Region 4 and the Office of Solid Waste.
Combined, these four documents present a revised procedure for completing arisk assessment. Because
the original U.S. EPA guidance documents (1990e and 1993h) contained much of the background
information necessary to complete the risk assessment process, this information was not repeated. In 1994,

this new guidance was further revised by the following documents:

. U.S. EPA. 1994n. Draft Revision of Guidance on Trial Burns. Attachment B, Draft
Exposure Assessment Guidance for RCRA Hazardous Waste Combustion Facilities.
OSWER. June 2.

. U.S. EPA. 1994p. Errata, Draft Guidance for Performing Screening Level Risk

Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft
Exposure Assessment Guidance for RCRA Hazardous Waste Combustion Facilities.
October 4.

. U.S. EPA. 1994r. Revised Draft Guidance for Performing Screening Level Risk
Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft
Exposure Assessment Guidance for RCRA Hazardous Waste Combustion Facilities.
Office of Emergency and Remedial Response. OSW. December 14.

More recently, NC DEHNR devel oped the following guidance document for conducting risk assessments:

. NC DEHNR. 1997. North Carolina Protocol for Performing Indirect Exposure Risk
Assessments for Hazar dous Waste Combustion Units. January.

The NC DEHNR document reiterates U.S. EPA procedures (1994r), with the addition of atiered approach
that allows the regulatory agency or facility to choose the investment they want to make in conducting risk
assessments. For instance, a small, on-site unit with limited waste stream variability is allowed the
opportunity to conduct a Tier 1 assessment (more worst-case), whereas a larger facility with a diverse

waste feed mixture may decide to complete a Tier 2 or 3 assessment (progressively more site-specific).

Finaly, U.S. EPA OSW contracted for the development of The Background Information Document to the
Risk Assessment Support to the Development of Technical Standards for Emissions from Combustion
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Units Burning Hazar dous Wastes (Research Triangle Institute 1996) to support the proposed Hazardous
Waste Combustion Rule. This document was reviewed and considered throughout the development of the
HHRAP in order to ensure that the approach outlined is consistent with the most current OSW risk

assessment policy.
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